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Reproductive Biology of a Neotropical Salamander, Bolitoglossa rostrata LYNNE D. HOUCK
The reproductive biology of a neotropical salamander, Bolitoglossa rostrata, was studied at two localities in Guatemala: 1) on the Pacific escarpment near the city of San Marcos (elev. 2,500-2,850 m); and 2) in an inland area in the Sierra de los Cuchumatanes (elev. 3,000 m). Both localities experience a dry season from November through April, but extremes of temperature and moisture are greater at the Cuchumatanes site.
San Marcos B. rostrata oviposit in November or December and brood eggs through the dry season until May or June when hatchlings emerge. Individual females probably oviposit biennially. Clutch size, which is positively correlated with standard length, ranges from 22 to 54 ova. Mean clutch size is 37 ova. Adult females are significantly larger than adult males. Estimated age at first reproduction is 21/2 to 3 years for males and 31/ to 4/2 years for females. Juvenile growth rates are 10-12 mm/yr.
At both the San Marcos and the Cuchumatanes sites, adult females with enlarged, yolky ova have oviducts which are relatively wide and convoluted; immature and adult females with small ovarian eggs have relatively thin, straight oviducts. Diameter of maximally-yolked ova is 3.5 mm in both populations. Adult males undergo continual spermatogenesis and possess continually-developed secondary sexual characteristics unlike temperate plethodontids which have markedly seasonal reproductive cycles.
Both male and female B. rostrata in the Cuchumatanes population are significantly smaller at first reproduction and mean adult size than San Marcos B. rostrata. Clutch size is smaller in Cuchumatanes females, with a mean of 24 and range of 20-28 ova.
San Marcos B. rostrata have a larger clutch size than is known for any temperate or tropical plethodontid having direct development. Clutch volume in rostrata is roughly similar, but sometimes much larger than for temperate plethodontids of comparable size.
COMPARISONS
of tropical and temperate zone reproductive patterns have long been of interest to biologists. Major differences in seasonal and daily fluctuations in rainfall and temperature between the two areas provide natural contrasts in environmental parameters which may be causally related to differences in reproductive patterns. Life history parameters showing marked latitudinal variation include brood size, the number of broods per season, and the timing of reproduction in relation to patterns of temperature and rainfall (Cody, 1966; Inger and Bacon, 1968; Levins, 1968; . While much information is available concerning tropical and temperate life histories of birds, reptiles and mammals, comparatively little is known concerning latitudinal variation in the reproductive biology of salamanders.
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There have been many detailed studies concerning life histories of temperate zone plethodontid salamanders (Hairston, 1949; Organ, 1961a Organ, , 1961b Tilley, 1968 Tilley, , 1973 . Knowledge of tropical species, however, is largely limited to distributional, morphological or ecological aspects. Specific reproductive information is only available from a comprehensive study by Vial (1968) least some neotropical species. Strictly seasonal patterns of reproduction can doubtless be found in neotropical salamanders as well, but the extent and distribution of seasonal and aseasonal reproductive patterns remain to be learned.
Tropical salamanders are found only in the New World and all belong to the Plethodontidae. All have a completely terrestrial life cycle where eggs develop directly into adult forms and there are no aquatic larvae. The reproductive biology of several neotropical salamanders is under investigation by the present author, and relatively complete data are now available for one species, B. rostrata. This species is terrestrial and is most commonly collected in open meadows under rocks, logs or the bark of fallen trees. The distribution of rostrata is limited to relatively high elevations (roughly 2,500 to 3,000 m) on the central plateau in Guatemala 
MATERIALS AND METHODS
Animals considered in this study were collected from two localities in Guatemala. The main field site is near the city of San Marcos along the rim of the Pacific escarpment in northwestern Guatemala. For simplicity, samples taken from this main study area are labelled "San Marcos" throughout this paper. Temperature and moisture extremes at this site appear to be buffered in the dry season (November through late April) by a low cloud cover In males, presence or absence of testicular sperm was initially evaluated by histological sectioning to confirm a suspected correlation between testicular appearance and the predicted presence or absence of sperm (Houck, 1975) . Later, external testicular appearance alone was used to determine presence of sperm: testes in immature males are uniformly firm, with solid white, distinct lobules; testicular lobes of mature animals contain posterior lobules softer and more translucent than those at the anterior end of the lobe. In the few cases where testicular appearance was intermediate between these two conditions, or when dense pigmentation obscured the appearance of the testis, the testicular lobe was sectioned. When testicular sections were made, a portion of the vas deferens was always included. All testes and vasa examined histologically were embedded in paraffin, cut at 10 to 15, and stained with Harris' hematoxylin-eosin solutions. Sexually mature (adult) males are defined as those producing sperm, as determined by histological sectioning or by the gross appearance of the testis. All large males were found to be producing sperm, regardless of when they were collected.
For the San Marcos populations, maturing ova are defined as those >2.5 mm in diameter. Although ova larger than 1.5 mm formed distinct complements, 2.5 mm was chosen as a more conservative cut-off as this figure is relatively close to the maximum size of ovarian eggs (3.5 mm). Maximum ovarian egg size in the Cuchumatanes population was also found to be 3.5 mm. Because small samples did not include large numbers of females with ova >2.5 mm, maturing ova in the population were considered to be those >2.0 mm.
The volume of a clutch of average size was estimated by multiplying the volume of maximally-yolked ova by the mean number of ova in all ovarian clutches with maturing ova. The clutch volumes of other salamander species were calculated in the same manner, using published values of mean clutch sizes and maximum ovum diameters.
The spermathecae of 9 females from San Marcos were examined histologically to determine whether sperm was present. These females were chosen because each had enlarged ova at a time of year when other females either had small ovarian eggs or were brooding clutches. The enlarged ova show no visible signs of regressing, although histological sectioning of the ovaries might reveal reabsorption. The spermathecae were embedded in paraffin, sectioned at 10 to 15 /u, and stained with Van Gieson's stain.
Sexually mature (adult) females are defined as those with standard lengths greater than or equal to the size of the smallest female with enlarged ovarian eggs. It is difficult to judge whether a female just larger than this minimum size actually has been reproductively ac- , glands in the cloaca of both males and females were scored on an "undeveloped-moderately developed-well developed" basis as an additional index of reproductive condition. In males, rows of relatively small papillae were considered to represent an "undeveloped" condition, while enlarged papillae directed toward the exterior of the cloaca were considered "well developed." In females, the "undeveloped" cloacal condition was defined as shallow folds not reaching the exterior edge of the vent, while "well developed" glands formed deep folds extending all the way to the exterior of the cloaca.
Size-frequency histograms were arranged chronologically in a vertical series according to month of the year rather than date of collection (Fig. 1 ). This reorganization is based on the assumption that year-to-year variation in timing of oviposition, hatching of young, and related factors is relatively small.
To estimate age at first reproduction, the technique employed by Harding (1949) was used to analyze size-frequency histograms to determine the limits of each size class. This method involves plotting on probability paper the cumulative percent of each SL category (abscissa) against the actual standard length (ordinate). If a normal distribution is plotted, this method produces a straight line on the probability paper. If a polymodal series of normal distributions is plotted, the resulting curve is polysigmoidal. The inflection points of such a curve are short, relatively vertical lines which indicate the transitions between each normal distribution. In the present study, the curves resulting from each large sample plotted in this manner were in fact polysigmoidal, and the approximate midpoints of the "vertical" lines were taken as the limits of each distinct size class. Where sample sizes were insufficient to permit delimitation of size classes by Harding's technique, approximate size classes were established on the basis of observation of the size-frequency histograms using graphically-delimited size classes as guidelines.
RESULTS
Male reproductive cycle.-Size at first reproduction and average adult size.-A comparison of standard length with sperm production for the 542 male rostrata collected at San Marcos shows a size range between 43 and 49 mm SL within which some males are producing sperm and others are not. The size at which 50% of all males are producing sperm, 45 mm SL, is taken to be the size at first reproduction of male rostrata at San Marcos. Size at first reproduction for the 162 male rostrata at the Cuchumatanes study area is similarly estimated to be 37 mm SL. These data are summarized in Table 1 , together with average adult size for the 2 populations. The male rostrata at the Cuchumatanes site are markedly smaller than those at San Marcos, both in average adult size and size at first reproduction (Table 1) .
The difference between average adult sizes of the 2 populations was tested using a MannWhitney U Test, and was found to be significant at the 95% confidence level. Temporal variation in sperm production.-There is no indication of seasonality in sperm production at either locality. Testicular sperm are present in all adult males regardless of the month when they were collected. In specimens examined histologically, presence of tes- Table 2 1963: 163, fig. 3 ).
The final 4 egg clutches were collected on 5 Nov. 1974. The eggs of all clutches were only slightly developed; neural tubes were apparently just being formed. Although these eggs were the least developed of any collected, they were past the point where egg size could accurately be measured.
Nine adult females with enlarged ovarian eggs were collected during months when other adults either were brooding eggs or had relatively small ova. Histological sectioning of spermathecae from the 9 females revealed the presence of sperm in 2 individuals, while the remaining 7 definitely lacked stored sperm. Sperm in the 2 females were abundant and apparently arranged in a non-random fashion with the tail portions extending into the spermathecal lumina. A similar condition was reported for Desmognathus fuscus by Marynick (1971), who concluded that sperm were apparently receiving nourishment from the spermathecal epithelium.
Clutch size.-Since the 13 spent females collected with egg clutches at San Marcos retained an average of only 1.1 ovarian eggs (range = 0 to 3 ova, mode = 0 ova), ovarian egg clutch data are used in the estimate of average clutch size. Egg clutches collected in the field are not included in calculating clutch size since partial clutch predation and egg spoilage could result in apparently lower clutch sizes. (Fig. 4) . As can be seen in Fig. 4 , the standard deviation is large (Sx = 6.3). The standard error of the mean is 1.0 ovum. Thus, although there is a positive and highly significant correlation (r = 0.49; p < 0.01) between SL and clutch size, differences in standard length account for only 24% of the variance in clutch size.
Of 33 adult females from the Cuchumatanes populations, only 7 contained ova larger than 2.0 mm in diameter. The average clutch size of these 7 females is 24 eggs (range = 20 to 28 ova) (Fig. 4) . Although there is a positive correlation between SL and clutch size (r = 0.63), the sample size is too small to show a statistically significant relationship. (Fig. 5) . Females are estimated to be between 3Y2 and 4Y2 years when they have grown large enough to be reproductively active (58 mm SL).
DISCUSSION
The following comparison of reproductive patterns of Bolitoglossa rostrata and those of similarly-sized temperate zone plethodontids having direct development reveals both striking differenences and similarities. Growth rate, age at first reproduction and seasonal oviposition appear to be similar in rostrata and in temperate zone species, but other reproductive parameters are markedly different. Large clutch size, continual spermatogenesis and continually developed male secondary sexual characteristics distinguish rostrata from all comparable temperate zone species.
Age at first reproduction.-The estimated ages at which B. rostrata males and females first reproduce (2/2 to 3 and 3Y2 to 4Y2 yrs, respectively) are roughly comparable to ages of certain temperate zone plethodontids of similar size. These salamanders first reproduce from about 3 to 5 years of age although animals in the southern part of their range may reproduce relatively earlier (Highton, 1962; Lynch, 1974) . In contrast, Vial (1968) found that B. subpalmata males in Costa Rica are 4-9 years and females 9-14 years old before first reproducing. Regardless of absolute age at sexual maturity, the pattern in almost all salamanders having direct development is for females to be older and therefore larger than males when first reproducing. A comparison between average clutch sizes in the 2 study populations of rostrata shows that females in the Cuchumatanes population, which have a smaller average body size, also have a smaller clutch size. Maximum ovum diameter (3.5 mm) is the same in both populations, and SL-clutch size relationships appear to be similar between Cuchumatanes and San Marcos rostrata (Fig. 4) . The smaller body size of Cuchumatanes animals may be a function of either 1) a lower age at first reproduction and subsequently lower adult growth rates, or 2) lower growth rates prior to sexual maturity, resulting in animals smaller than San Marcos rostrata but of the same age. There are not sufficient data to distinguish between these two possibilities although recent studies by Tilley (1973 Tilley ( , 1974 provide indirect evidence that differential growth rates prior to attainment of sexual maturity may result in differences such as those observed between the Cuchumatanes and San Marcos populations of rostrata.
Seasonality
In the San Marcos population there is great variability in clutch size for animals of any one standard length (Sy/x2 = 24.3, Fig. 4) . Females of a given SL can have clutch sizes which vary by as many as 10 eggs despite the positive and highly significant correlation between SL and clutch size. One contribution to this variation in clutch size may be differences in age among females of a given SL. Although the lack of size classes for adult animals prohibits estimation of exact age, certainly small differences in individual growth rates result in equal-aged adults of substantially different sizes. Assuming that an increase in age is accompanied by an increase in body volume (i.e. increased robustness), then differentlyaged animals of the same SL could have markedly different clutch sizes. Alternatively, high variability in clutch size for animals of the The number of testicular lobes is related to spermatogenic waves and can be correlated with age in some salamander species. A single lobe is apparently formed every 2 years and as many as 5 lobes per testis can be present in species of Desmognathus (Organ 1961b; Tilley, 1970). Since rostrata males rarely have more than two testicular lobes, one cannot use lobe number to estimate age accurately although animals with only 1 lobe are likely to be younger than those with 2 lobes. The predominance of single-lobed males (68%) implies either that large adult males have a relatively low survivorship or that lobe formation does not occur at a regular biennial rate.
CONCLUSIONS
Knowledge of the reproductive pattern of Bolitoglossa rostrata provides additional information upon which to base a comparison of temperate and tropical salamander species. Detailed studies of other tropical species will provide a broader base for such a comparison, but some aspects of the reproductive biology of rostrata are sufficiently unusual to suggest major differences between the life history patterns of tropical and temperate salamanders. The difference in clutch size between rostrata and comparable temperate zone salamanders runs counter to trends of latitudinal variation seen in species of frogs, lizards, mammals and birds. Mean clutch size for rostrata is over 3 times as large as clutch sizes for some extratropical plethodontids. Clutch volume, however, is roughly similar in rostrata and temperate plethodontids of comparable size. High juvenile mortality coupled with a long period favorable to hatchling growth and dispersal may be the selective pressures which result in the production of larger numbers of smaller young in rostrata. Bolitoglossa rostrata also differs from North American plethodontids in the timing of spermatogenesis and in the development of secondary sexual characteristics. Continual sperm production and continually developed secondary sexual characteristics in adult male rostrata constitute a radical change from the strictly seasonal patterns found in temperate salamander species.
The reproductive pattern of rostrata does show a number of characteristics similar to those of temperate zone counterparts: age at first reproduction, seasonal and biennial oviposition and growth rates are all comparable in the species considered. Despite these similarities, overall differences in partitioning reproductive output, in spermatogenesis and in related characters reveal a flexibility in reproductive parameters which clearly contributes to an adaptive life history in Bolitoglossa rostrata.
